. The area of greatest intensity cannot be accurately bounded since information from the Sierran region is sparse. Therefore only the eastern boundary of this region is drawn. The peculiar shape of the isoseismals resembles that of the isoseismals of other earthquakes in this region. It is doubtless due to the nature of the geologic foundation of the region. In the region marked III-IV the earthquake intensity was characterized by rattling of doors and windows and creaking of houses. In the district marked I-II the earthquake was felt but the phenomena mentioned in the characterization of III-IV were not observed. The outer boundary of the region I-II marks the limits of the region in which the earthquake was felt. In the location of the epicenter here adopted and indicated on figure 1 as a cross the following criteria were used: (1) The times of arrivals at Tinemaha and Haiwee as well as the direction from Tinemaha excluded all possibility of the source of the earthquakes having been at the location of the landslide mentioned above. The landslide was apparently a secondary phenomena caused by the earthquake.
The times of arrival of the various wave groups at each station were plotted against the epicentral distance of that station. It was found that almost all of these pulses might be accounted for by a series of straight line travel-time curves. These are given in figure 2. On some of the lines are only three points.. If such a type of interpretation had not been found satisfactory in Europe, its use here would have been more questionable. In no case was a line drawn when only two points on it were observed. In the case of the first arrival at Haiwee it appeared that two waves were arriving together and in plotting only one point could be put down. Each straight line is marked with a number which gives the speed in kilometers per second indicated by the reciprocal of its slope.
My interpretation of the curves is as follows: The wave showing speed 5.8 km./sec. is the direct P (compression-rarefaction wave) from the focus to the station. The wave of speed 5.5 km./sec. is the P wave which had its origin in the incidence of the primal S wave at the surface. This is the wave observed by Jeffreys' in his study of English earthquakes, and theoretically explained by Nakano.2 Jeffreys pointed out that since the strain released at the source may be expected to be largely shear, the P wave originating at the source may be expected to be small, and for his earthquakes he did not observe it. In the present case the direct wave is not observed at a distance while the indirect P is so observed. The travel-time line of the direct P intersects the travel-time of the direct S (speed, 3.3 km./sec. at the epicentral distance of zero giving the time of occurrence, lh. 48m. 52s). The identification of both the direct P, which we shall call P, and the indirect P, which we shall call P5, allows a new and exact method of determining the depth of focus. The time intercept of Ps lies 1 second above that of P. Now if Ps has its origin in the incidence of the primal S at the surface the angle of incidence of S at which the transformation takes place is 0 = sin-' 3.3/5.8. The difference in the intercepts of P and P, is then very approximately equal to h(sec 0/3.3 -tan 0/5.8) = 1, where h is the depth of focus. The value of h is then about 4 or 5 km. Such a depth might be considered rather inconsistent with the differences in speed of P and Ps.
The wave of speed 7.4 km./sec. is interpreted as the P wave which has penetrated into the second layer and then emerged P*, and the wave of speed 8.6 km./sec. as Pn, the wave which has penetrated the medium underlying the second layer. Knowing the speeds of P and P*, the intersections of their two traveltime curves and the depth of focus, the thicknesses of the two surface layers of the earth may be computed. If we assume after Jeffreys, as we did above, that the P energy was mainly derived by reflection from the surface, the path of P* should be taken as S to the surface, reflected as P and refracted along the boundary as P and again out as P. Taking such a path we find the thickness of the outer or granite layer to be about 23 km. If P* is considered as P throughout path from the focus, then the computed thickness is about 30 km. The former hypothesis is more consistent with the interpretation which led to fixing the depth of focus.
The curve drawn for the travel time of Pn is perhaps more questionable than that for P* since it at no point is the first wave observed. However, a corresponding S. is observed. The intercepts of these two curves with those of P and S, respectively, lead to a computed thickness of the intermediate layer of 80 to 90 km.
From isostatic considerations this value seems entirely too large if the values for the thickness of the surface layer under the Pacific as hitherto computed are correct.
For computation, take 1.5 km. for the height of the Sierra block and 4 km. for the depth of the Pacific. Let x be the thickness of the layer underlying the Pacific and let its density be 3.1. Let y be the thickness of the intermediate layer under the Sierras and its density 3.1. Let the density of the underlying medium in both cases be 3.3 and let the density of the granite be taken as 2.7, and the thickness of the granite layer 23 km.
Then for isostatic balance the following equation must be satisfied 3.1x + 4 + (17.5 + y-x)3.3 = 23X2.7 + 3.ly case it must be concluded that the earthquake was not of sufficient intensity to set up a Pn wave or a Sn wave large enough to be recorded at the stations and that the observed arrivals credited above to Pn and S.
were some other waves. It is true that the first wave was extremely weak at many stations.
The wave interpreted as P comes in first as a rarefaction at Tinemaha, Haiwee, Berkeley and La Jolla. It records first as a compression at Reno, Mount Wilson and Pasadena. At Santa Barbara it is almost transverse. This is a quadrant distribution and suggests elastic rebound along a fault bearing N 180 W ca., the west side moving south relative to the east side. The recent results of the United States Coast and Geodetic Survey infer such a general drift, i.e., they show a displacement south-westerly of triangulation stations in the Coast Range region, relative to Lola and Round Top in the Sierras.
Although I refer to these as rarefactions and compressions the motions are not longitudinal strictly. The following table gives the direction of first motion of P at the station and also the bearing of the epicenter at the station. However, the direction of vibration seems irregular.
After the waves called S, S*, S., arrives a group of velocity 3.2. Its horizontal component is transverse at Reno. At Berkeley it is registered as new only on the vertical.
In computing the direction of vibration in all the above cases trace amplitudes were used. For the Wood-Anderson instruments this is justifiable since the errors so introduced are of no greater order than those introduced by errors in orientation. For the Berkeley Bosch-Onori instruments it is all right since their magnification was closely the same. For Santa Clara and Reno the instruments were Wiecherts and the magnifications were not known.
In the tables giving readings of seismograms the various waves are correlated with P, Ps, P*, PJ,,S, 5ns and in no case did a reading correlated with a symbol depart by more than two seconds from the travel-time line corresponding to that symbol; in most cases the discrepancywas less than asecond.
The above discussion and the following tables apply to the first of the two earthquakes. The beginnings of the second earthquake were partially obscured by previous motion on a number of the records and the analysis of the records thus complicated. From the difference in first arrival times at various stations it appeared that the epicenter of the second quake was closely that of the first. In cases where first arrivals did not indicate this, the beginning was very doubtful owing to previous motion. The first, interval at Tinemaha was, however, much less than for the first quake, the wave of 3.4 (Fig. 1) 
